Night shifts expose anaesthesia trainees to the risk of fatigue and, potentially, fatigue-related performance impairment. This study examined the workload, fatigue and coping strategies of anaesthesia trainees during night shifts. A blinded survey-based study was undertaken at a major single centre metropolitan teaching hospital in Australia. All ten anaesthesia trainees who worked night shifts participated. The survey collected data on duration of night shifts, workload, and sleep patterns. Fatigue was assessed using the Karolinska Sleepiness Scale (KSS). There were 93 night shifts generating data out of a potential 165. Trainees tended to sleep an increasing amount before their shift as the nights progressed from 1 to 5. Night 1 was identified as an 'at risk' night due to the amount of time spent awake before arriving at work (32% awake for >8 hours); on all other nights trainees were most likely to have slept 6-8 hours. The KSS demonstrated an increase in sleepiness of 3 to 4 points on the scale from commencement to conclusion of a night shift. The Night 1 conclusion sleepiness was markedly worse than any other night with 42% falling into an 'at-risk' category. The findings demonstrate fatigue and inadequate sleep in anaesthesia trainees during night shifts in a major metropolitan teaching hospital. The data obtained may help administrators prepare safer rosters, and junior staff develop improved strategies to reduce the likelihood of fatigue.
Fatigue has an impact on all domains of human performance. Vigilance, speed, cognitive tasks, accuracy, manual dexterity and situational awareness are all impacted 1, 2 . Vigilance, memory and cognitive reasoning tasks tend to suffer performance degradation earlier than tasks involving manual dexterity 3 . Depending on rosters, rest and sleep strategies and opportunities, anaesthesia staff covering night shifts may be exposed to fatigue, with the risk of performance impairment. Determining ways to combat fatigue will have significant safety benefits for both staff and patients.
At present, there is little information available on the possibility or implications of fatigue of anaesthesia trainees during night shifts in Australian metropolitan teaching hospitals. The aims of this study were to assess the workload, sleep patterns and fatigue of anaesthesia trainees working night shifts at the Royal Prince Alfred Hospital (RPAH) in Sydney, a typical Australian major metropolitan teaching hospital.
Methods
After obtaining institutional ethics committee approval (Approval Number X11-0407), all anaesthesia trainees (with the exception of the author) were invited to take part in the prospective study. Participants were allocated a blinded identification number, and asked to complete a demographic and attitudes survey.
Royal Prince Alfred Hospital's night shift roster at the time of the study required anaesthesia trainees to work five consecutive nights from 2100 hours through to 0800 hours (or from 2000 to 0800 on weekends and public holidays). There was one anaesthesia trainee rostered to the obstetric service and one trainee rostered to the general surgical service. These trainees worked in geographically separate locations, such that there was minimal opportunity to provide clinical support to each other. The trainees were also required to attend cardiac arrests and major trauma in the emergency department. Following the series of night shifts, trainees had a 72 hour no shift period before rejoining the regular daily roster. First year trainees (Basic Training Year 1-BTY1) were not involved in the night roster. Likewise, final year trainees (Advanced Training Year 3-ATY3) were not routinely rostered to work night shifts. Thus, the majority of the participants were in the 2nd-4th year of anaesthetic training (BTY2-ATY2). At RPAH, after-hours supervision of trainees was in accordance with Australian and New Zealand College of Anaesthetists guidelines, with most supervision being level 4 (consultant off-site).
Participants were asked to complete a short survey at the commencement and conclusion of each shift. Survey forms were located in the theatre complex and on-call rooms. Data were obtained concerning sleep behaviours before arriving at a night shift, the level of pre-and post-work fatigue (using the Karolinska Sleepiness Scale 4 (KSS) which has been validated in a number of studies 5, 6, 7, 8, 9 ) , workload metrics (such as involvement in patient care), sleep opportunities at work and fatigue mitigation strategies employed. The KSS was assessed at the commencement and conclusion of each shift. The KSS data were also analysed to determine changes in sleepiness across sequential nights.
Results
Data were collected from February to May 2012 and were entered into an online survey management tool (Survey Monkey™). Data are presented descriptively only.
There were a total of 190 night shifts in the study period. Of those shifts, 25 were excluded as they were worked by the primary investigator, leaving 165 shifts.
All ten other eligible trainees participated in the study.
Although all eligible participants participated, not all participants completed the survey for every shift worked, thus the data set was incomplete. However, survey completion rates across the five rostered nights (1 to 5) were similar and the results are presented as if those surveys completed were representative. On most nights most trainees spent the majority of their shift involved in direct patient care. Fifty-three percent reported >6 hours in direct patient contact for their 11 hour shift. Trainees had minimal sleep during their shift. Almost forty percent of shifts allowed no sleep at all, while the average amount of sleep for the remaining 60.5% was 1-3 hours. Sleep obtained during night shift was commonly interrupted, as well as being rated 'poor' quality by the 
Discussion
The results of this study show that a considerable proportion of anaesthesia trainees at a typical major metropolitan teaching hospital have been awake for >20 hours by the conclusion of their first night shift, and that by the end of any single night shift, trainees are significantly affected by fatigue. These findings have implications for both the safety of patients and for the staff involved.
The amount of time awake before commencing night shift has been associated with performance 4, 5 . In this study, across The majority of participants slept >4 hours between shifts after their first night shift. However, the majority slept less than 2 hours between 0800 hours and arriving at work for their first night shift.
The KSS data demonstrated an increase in sleepiness of 3 to 4 points on the scale from commencement to conclusion of a night shift. The Night 1 conclusion sleepiness was markedly worse than any other night with 42% falling into an 'at-risk' category ( Figures 4-7 ). all nights, there were a similar low number of participants who were awake for <2 hours (24.5%) before arriving at work, whilst there was a trend towards more being awake for 2-4 hours as the nights progressed (31% on night 1, 47% on night 4). Of concern was that 27% of respondents were awake >10 hours before arriving at work on their first night shift ( Figure 2) .
The Australian Medical Association has developed a Code of Practice 6 to guide hospitals and doctors in the management of shift work. The roster at RPAH has several risk factors (>10 hour shifts, >2 consecutive nights) but also has many low risk attributes. Overall this roster would be consistent with attempts to minimise the risks associated with shift work. The findings of this study, with the exception of the first night data, may not apply to rosters that have shorter shifts or fewer than five consecutive night shifts.
An unanticipated finding of this study was the significantly higher fatigue scores of participants on their first night shift. This may be related to the amount of time spent awake before arriving at work for their first night. A behaviour change initiative should require trainees to ensure they sleep more before arriving at work to reduce their cumulative fatigue by the end of the shift. This concept is strongly supported by previous studies and should be adopted by departments 7, 9 . Our trainees tended to sleep more on subsequent nights, but there were many who were still exposed to avoidable risk through lack of adequate sleep.
Sleep opportunities at work for our trainees were sporadic. Moreover, with interrupted sleep there is sleep inertia with its detrimental impact on performance immediately upon waking 10, 11 . Our findings suggest that unless there are designated adequate sleep periods, napping at work should not be relied upon to reduce fatigue.
The Karolinska Institute Sleepiness scale was developed by the Karolinska Institute in Sweden as a subjective measure of sleepiness. It is a nine-point scale with a numerical value and a verbal descriptor next to it. The developers of the scale compared their results with electroencephalograms (EEGs)/ electroocculograms and found good correlation between objective EEG readings of sleepiness (alpha/theta wave activity) and the score on the KSS 12 . In reference to reaction times in Psychomotor Vigilance Testing and EEG, KSS scores of 7, 8, or 9 are considered to be at high risk for fatiguerelated error 13, 14 . It has since been independently validated in a multitude of studies in a wide variety of contexts 13, [15] [16] .
Our KSS data showed that respondents were arriving to work with a relatively low sleepiness rating (79% alert or rather alert). There was an expected shift towards being more sleepy by the end of the shift (73% some signs of sleepiness, sleepy, but no effort to keep awake, and sleepy, some effort to keep awake). When the data were examined over the successive nights there was very little difference with the commencement sleepiness rating, but the finishing rating showed a marked increase in sleepy, some effort to keep awake on the first night compared with the other four nights (42%, 26%, 16%, 20%, 23% respectively). Based on these data the expected reduction in KSS scoring appears to be 3 to 4 points on the scale between starting and finishing a night shift.
Fundamentally, a fatigued practitioner presents a tangible patient safety risk 17 . Previous studies that demonstrate increased adverse outcomes during 'after-hours' procedures continue to mount [18] [19] [20] [21] [22] . Combined with the evidence that fatigue impairs cognitive and psychomotor performance 1, 23, 24 , it can be inferred that some of the patient harm may be attributable to fatigue. Ideally, system factors should be modified to support clinicians and reduce fatigue, while still balancing the need for a 24-hour service seven days a week. It is also important to consider the trainee at the centre of this system. Fatigue brings an additional dimension to the complexities and stresses of postgraduate specialty training. There has been increasing recognition of the 'second victim' within healthcare, and anaesthesia is no exception 25 . An error that results in patient harm can have devastating psychological consequences for the trainee. These errors are more common when fatigued.
In addition to being learners, trainees are also employees of our health systems. Their welfare to and from work needs to be taken into consideration. Medical resident motor vehicle accidents remain a significant concern on the way home from night shifts 26 . The KSS data collected in this study indicate that anaesthetic trainees fall within a high-risk group for road-related incidents after working a night shift. This is particularly pronounced after their first night. The additional time required to return home after work should be considered when safe rosters are prepared. Alternatively, appropriate post-shift sleeping facilities could be provided.
This study has several limitations, as it was a single-centred study at a busy metropolitan teaching hospital with both trauma and obstetric services. The workload, and therefore implications, may be different at other institutions. Although all eligible trainees participated, the dataset was complete for just over 50% of the nights worked. The missing data could represent shifts at the extremes of workload where completing the survey was either forgotten or deprioritised. However, it is more likely that the nights for which data were completed were typical. The time of year the survey was run may have had an influence on the results. As the year progresses trainees become more experienced, they may develop more advanced coping strategies, and this could influence the results.
Chronic sleep deprivation was not assessed in this study. It is an area that may have a large influence on an individual's resilience towards the rigours of night shift. Life factors such as children, preparing for anaesthetic exams, and university degrees may all contribute to chronic sleep debt and were not examined in this study.
In conclusion, the findings of this study demonstrate both inadequate sleep and fatigue in anaesthesia trainees during night shifts in a major metropolitan teaching hospital. The data obtained may help administrators to prepare safer rosters and junior staff to develop improved strategies to reduce the likelihood of fatigue in relation to night shifts.
